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@ Blood cell separation. 

@ Hydroxyalkyt celluloses are useful as segmenting agents 
in the non-destructive separation of red and white blood cells. 
Intact WBC recovery is higher than with conventional methods. 
The white blood cells may be used in interferon production. 
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Description 

BLOOD CELL SEPARATION 



BACKGROUND OF THE INVENTION 

Information Disclosure Statement 

StarC , i S routine, y used a s a sedimenting agent. See Lionetti, US 4 004 975- Pestka US 

Other agents used for this purpose are Dextran (glucose polymer). Ficoll (sucrose oolvmer) PVP 
^^^r , ^,^^' M ^ ,n •• Lichtenste ' n - U S 3,709.791 : Changs 3 ^ 

(ffl K m an 'lll S 4,487.700 used a thixotropic barrier material of intermediate density to separate lymphocytes 
20 NH at ZTalr P^9° c ^^ leukocytes. Meyst. US 4,283.289 described a leukocyte fl te The use of 
20 NH 4 CI to lyse RBCs, while leaving most WBCs intact, is also known 

" y „ d „ ro ^ kyl celluloses, and particularly hydroxyethyl cellulose, are used in pharmaceuticals and other 

JedTeming^agent 9 a9ent " ^ h " w h ° WSVer - P ™ ious * "een used as at 

25 SUMMARY OF THE INVENTION 

This inverntion relates to the use of hydroxyalkyl celluloses, particularly hydroxvmethvl cellulose (HMCi 
hydroxyethyl cellulose (HEC) hydroxypropy. cellulose. (HPC). and hydroxJ^SKlSTBMQ^ 
S^SiiSSf b ' 00d Ce " r- Parati ° n - By the meth ° d of this '"^n. ■*« 8OO/0 oUhe orogin^ 

» tlT^h^^/ff^"? reCOVe : ed ' ,ntaCt W,th ° Ver95% a Viab,e state ' from the U PP« P^ses. Moreover. 
30 trie erythrocytes in the lower phases are also left intact. 

Since the final concentration of HEC in the mixture is O.050/0. as compared to 30/0 HES in the conventional 

"^SS!^^^^^ re ' atiVe,y HEC bound to th8m ™* m^isssss 

Unlike NH4CI lysis, the HEC technique does not destroy granulocytes (granular leukocytes) or erythrocytes 
Morevoer, the WBCs recovered by this technique may be stored for at least one d^ S3 If 
alpha interferon production after exposure to an inducer. H«»meni OI 



DETAILED DESCRIPTION OF THE INVENTION 
Example 1 



Buffy coats (American Red Cross) are pooled, mixed and sampled. Initial RBC and WBC counts are 
determined using the Cell Dyn 400 cell counter (Sequoia International). A sedimenting agent is prepared by 
making a solution .of O.io/o of HEC (w/v) and O.90/0 of NaCI (w/v) in deionized water, stirring for at least one half 
hour until the HEC goes into solution. The sedimenting agent is slowly mixed with the buffy coat pool for at 
least one minute, poured into a separatory funnel, or other suitable vessel and allowed to settle for 1 1/2 - 3 
hrs. at room temperature or colder. The final concentration of HEC in the mixture is preferably 0 050/0 (w/v) 
However. HEC may be present in a final concentration of from 0.025<Vo to 0.5%. After completion of the 
separat.on the bottom RBC layer is drained or the top WBC layer Is aspirated. The bottom layer may be 
residimented as previously described with fresh sedimenting agent to capture more WBCs 
The collected layers were tested for RBC count, WBC count, WBC/RBC, and WBC viability (by Trypan blue 
50 exclusion test). The results were as follows- 
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Experiment: 1476-19 (0.1% HEC, 0.9% NaCl stock solution) 

Sample Volume RBC*10 12 WBC*10 10 WBC/RBC Yield 

pool 600ml 3.2S 4.00 0.01 100% 

top layer 720ml 0.20 3.37 0.17 84% * 

bottom 500ml 2.73 0.34 0.001 9% 
top layer 

(after wash) 160ml - 3.12 - 73% 

Experiment 1476-7 (0.1% HEC, 0.9% NaCl stock solution) 

pool 1000ml 5.83 4.66 0.01 100% 

top layer 830ml 0.11 3.72 • 0.34 80% 

bottom 1190ml 5.45 1.09 0.002 23% 
top layer 

(after wash) 130ml 0.07 3.58 0.51 77% 
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Centrifugation may be employed to wash the harvested cells. Alternatively, the cells may be cleaned by 25 
tangential flow filtration or other conventional methods. 

The WBC layer was spun at 1000 x g for 7 min. The supernatant was discarded and the pellet was 
resuspended in leukocyte medium at 37 degrees C. and a WBC count was performed. WBCs were added to a 
2L volume at MEM medium, human serum, and alpha interferon primer at a concentration of 1x10°7 WBCs/ml. 
Induction took place in 6L round bottom flasks located in water baths maintained at 37° C. After an initial 30 
incubation period of 3 hours, Sendai virus was added to the flasks In order to induce alpha interferon 
production. The induction period was typically 18 hours. Alpha interferon was then harvested by centrifugation 
at 4000 g's for 20 minutes. Samples of the supernatant were submitted for CPE (cytopathlc effect) assay. 

The CPE assay is based on the ability of alpha interferon to protect certain cells against certain viruses. In 
the assay used. Hep 2 Cells were grown to confluence in 96 well microtiter plates. Serial dilutions of the alpha 
interferon were added to the sample wells and incubated with the cells (37 C, 50/0CO2) for about 20 hours. 
Next, VSV virus was added to the wells to infect unprotected cells. After an incubation period sufficiently long 
enough to achieve 100% cell death in the control wells (i.e., only cells and virus present in these wells), all wells 
were stained with gentian stain. Intact cells appear purple due to the membrane picking up the stain. The well 
number (i.e. the dilution) at which 50% of the cells had been protected is called the endpoint. The endpoint 
was then used to correlate the titer of the sample (in units of interferon/ml.) to standards from the NIH. 

When a stock solution of 0.05% HEC was used for cell separation, a very slow separation occurred. That Is, 
when compared with separations using 0.1 to 0.2% HEC stock solutions, the 0.05% HEC separation was not 
as far along as the latter two in a comparable time period. Also, the 0.05% separation seemed to have more 
RBC contamination in the middle layer (as evidence by a pink band rather than the white one seen in each of 
the other separations). 

A stock solution of 0.5% HEC did not give a good separation - only two layers formed and more WBCs were 
recovered from the bottom layer than from the top layer. Also, the "purity" of the top layer, as expressed in 
terms of WBC/RBC, was less than M2 of that seen in the combined two upper layers of the 0.1 0/0 HEC 
separation (I.e. 0.14 compared to 0.30). Concentrations of 0.7 and 1 .0% HEC were even less effective. 

Over a series of experiments, alpha interferon titers of 20-50,000 Units/ml were obtained. 

A cytospin smear of HEC-collected WBCs was prepared. The cells were treated with MAY-GRUNWALD- 
GIEMSA stain, and inspected microscopically. A cell differential study showed the leukocyte subpopuiations 
to have essentially the same distribution as in the original blood pool. The morphology of the leukocytes was 
normal. 

Example 2 

A 0.10/0 solution of hydroxypropyl cellulose (300,000 m.w.; Aldrlch Chemical) was made as previously 
described for HEC. The 0.1% HPC/0.9% NaCl solution was mixed with an equaJ volume of buffy coat pool. In 
two separate experiments, 1476-19C and 1476-21 , good separation between WBCs and RBCs was observed. 
However, since neither separation had been done in a separator/ funnel it was difficult to effectively collect the 
top layer without contaminating It from RBCs from the bottom layer. 

The same type of experiments were done with hydroxybutyi methyl cellulose (HBMC). Using the same 0.1% 
concentration of polymer with 0.9% NaCl, the separation appeared to occur faster and looked better than a 
concurrently run HEC separation. 
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Modifications 

WBC yield may be increased by a number of means. First, the sedimentation may be carried out in a device 
facilitating RBC/WBC separation, such as a device having a constriction at the expected location of the 
5 RBC/WBC interface, or one having draining or aspirating means designed to minimize agitation of the 
interface. Second, a thixotropic agent may be added whose specific gravity is such that it will collect into a 
barrier structure separating the RBC and WBC layers. Third, the extraction step may be repeated as desired 
with fresh sedimenting agent. 

Besides HEC and HPC, other hydroxyalkyl celluloses should be used as sedimenting agents. 
10 HEC might be used, not only in unit gravity sedimentations, but also in RBC/WBC separation by 
centrifugation. HEC might also be used in the separation of cells from cell debris. The WBCs and RBCs 
provided by the present technique may be separated into WBC or RBC subtypes or fractionated to yield 
various WBC or RBC constituents. 

15 

Claims 

1. A method of separating leukocyte and erythrocyte-containing blood or blood fraction into a first 
20 fraction enriched for leukocytes and a second fraction enriched for erythrocytes which comprises mixing 

the blood or blood fraction with a sedimenting agent comprising a hydroxyalkyl cellulose, permitting the 
mixture to settle and separating the mixture into said first and second fractions. 

2. The method of claim 1 in which the settling occurs at unit gravity. 

3. The method of claim 1 or 2 in which the final concentration of hydroxyalkyl cellulose in the mixture is 
25 0.0250/0 to 0.50/0. 

4. The method of any one of claims 1 ,2 or 3 in which the hydroxyalkyl cellulose is hydroxyethyl cellulose. 

5. The method of any one of claims 1,2 or 3 in which the hydroxyalkyl cellulose is hydroxypropyl 
cellulose. 

6. The method of any one of claims 1,2 or 3 in which the hydroxyalkyl cellulose is hydroxmethyl 
30 cellulose. 

7. The method of any one of claims 1,2 or 3 in which the hydroxyalkyl cellulose is hydroxybutyl methyl 
cellulose. 

8. The method of any preceding claim, in which over 800/o of the original leukocytes are recovered in the 
leukocyte-enriched fraction. 

35 9. The method of any preceding claim further comprising use of a thixotropic barrier material to 

separate the first and second fractions. 

10. The method of any preceding claim, which does not comprise exposure of the cells to conditions 
which destroy erythrocytes or granulocytes. 

11. A method of obtaining leukocyte cells suitable for interferon induction which comproses providing 
40 blood or a leukocyte-containing fraction of blood, mixing the blood with a sedimenting agent comprising a 

hydroxyalkyl cellulose, so as to leave an upper layer enriched in leukocytes, and recovering leukocytes 
from said upper layer which are suitable for interferon induction. 

12. The method of claim 11 in which the leukocytes are suitable for interferon induction even after a day 
of storage. 

45 13. The method of claim 11 or 12 in which the hydroxyalkyl cellulose is selected from the group 

consisitlng of hydroxy methyl, hydroxyethyl, hydroxypropyl and hydroxybutyl methyl celluloses. 
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